Background: Endoscopic retrograde cholangiography (ERC) with balloon dilation and stenting is the curative treatment for biliary anastomotic (AS) strictures after living donor liver transplantation (LDLT). The aim of this study was to assess the technical feasibility and clinical outcomes of combined endoscopic and percutaneous therapy for biliary AS stricture in adult right-lobe living donor liver transplantation with duct to duct anastomosis. Materials and methods: Between January 2008 and December 2015, 648 patients receiving right-lobe LDLT in our hospital were analyzed for biliary complications. When biliary strictures were diagnosed, patients underwent ERC first as a diagnostic as well as treatment modality to dilate the strictures and biliary stenting. If ERC failed, percutaneous transhepatic cholangiography (PTC) and/or combined PTC and ERC were done. Results: Eighty-two biliary strictures were diagnosed in 648 recipients (13%; 82/648) at an average of 256 (7-1979) days after LDLT. Among 82 patients (age 52.6 ± 9.6 years, range 24-72), 40 patients were successfully treated by ERC, 5 by PTC, and 9 by combined PTC and ERC. In successful ERC with an average of 5.03 ± 2.96 sessions, 11±11.0 plastic stents in total and 2±1 stents at each ERC session were placed. The mean time to stricture resolution was 708 ± 532 (28-1967), 298 ± 135 (145-398), and 499 ± 239 (288-827) days for patients receiving ERC, PTC, and combined PTC and ERC, respectively. Conclusions: Biliary complications following LDLT is associated with high mortality. In severe biliary strictures, the procedure that combines PTC and ERC can be curative in patients with prior failed ERC treatment.
INTRODUCTION INTRODUCTION
Biliary strictures are most common delayed biliary complications occurring after liver transplantation (LT) that were reported to occur up-to 35% of LT recipients (1, 2) . However, with the advent of improved surgical techniques and increased experience in LT, the overall incidence of anastomotic strictures is reduced, occurring in approximately 13% of the recipients. Nevertheless, biliary stricture remains an important cause of morbidity after LT and in severe cases can lead to graft loss. Smaller caliber of the hepatic ducts in partial grafts in LDLT makes them prone for biliary strictures more often compared to the deceased donor liver transplantation (DDLT) recipients. In LDLT, there is often a risk of devascularization of the bile duct during the hilar dissection of the donor as well as the potential risk of bile leak from the cut surface of liver allograft, causing fibrotic changes around the biliary anastomosis (3) . The etiology of post-LT biliary complications is multifactorial and includes arterial, technical (single or multiple anastomoses) as well as immunologic components that determine the type and location of biliary strictures and their clinical presentation. However, the strictures in most cases remain undetected until hepatic dysfunction or infection becomes apparent. Biliary strictures are classified as AS and non-anastomotic (NAS) depending upon the site of occurrence. AS biliary strictures are mainly secondary to surgical technique of biliary reconstruction whereas NAS strictures are primarily due to hepatic arterial complications or from complex immunological factors (4) .
Surgical treatment such as re-exploration and revision of anastomosis or Roux-en Y has been the traditional approach in treating severe biliary strictures. However, advances in therapeutic and diagnostic endoscopic procedures have made the nonoperative management of biliary complications as a preferred modality for treating the biliary strictures that develop after LT. In recent era, the ERC with balloon dilation (BD) and placement of increasing numbers of plastic stents has become the principal modality of treatment for AS biliary strictures after LT. The PTC and surgical management are generally reserved for failures of endoscopic therapy or for anatomic variants that are not suitable for ERC. The response to treatment depends upon the timing of its occurrence, type and severity of stricture. AS biliary strictures that occur early after LT (less than one month) is related to pericholedochal edema and easily resolves after ERC and BD with short stent duration (four to six months) compared to late occurring AS biliary strictures that require biliary stent for longer duration (5, 6) .
At present, the preferred endoscopic approach for AS stricture is repeated aggressive dilation of the stenosed bile duct and, if feasible, insertion of multiple plastic stents. In patients with severe strictures or with NAS strictures, endoscopic biliary access is technically difficult. In such patients a combined endoscopic and percutaneous approach proves quite useful. The aim of this study was to assess the technical feasibility and clinical outcomes of combined endoscopic and percutaneous therapy for AS biliary stricture in adult right-lobe LDLT with duct to duct anastomosis.
MATERIALS AND METHODS MATERIALS AND METHODS
Between January 2008 and December 2015, 648 patients receiving right-lobe living donor liver transplantation at China Medical University Hospital, Taiwan were analyzed for biliary complications with minimum of two years of follow up.The patients that developed biliary strictures requiring some form of intervention such as ERC with BD and stenting and/or PTC were included in present study and the outcome of the treatment modalities, graft function and long-term survival were retrospectively studied. The patients that underwent a successful intervention therapy were further sub-grouped into group A (patients treated with ERC) and group B (patients treated by PTC and PTC+ERC). The characteristics of biliary strictures in each group and the outcome after the therapeutic procedures to treat biliary structures were analyzed and compared.
The demographic data, medical records and pretransplant laboratory data of the recipients were assessed for any abnormality. The complications directly related to hepatic artery (HA) were also recorded and retrospectively analyzed in patients with biliary complications. The donors were evaluated by standard donor survey protocol. The evaluation of donor liver was done by computed tomography (CT) scan and magnetic resonance imaging (MRI) along with the 3-D reconstruction of CT liver images and the liver segmental anatomy, the approximate volume of both the liver lobes and biliary tract anatomy was studied in detail (7) .
The biliary reconstruction was duct-to-duct in all the cases. After arterial anastomosis was completed, recipient bile duct was assessed, and the adequate length of biliary duct was mobilized to have a tension free anastomosis. The posterior layer of biliary anastomosis was sutured in continuous fashion whereas anterior layer was completed by interrupted 5-0 prolene sutures.We do not place biliary drain intraoperatively and cholangiography in postoperative period is done only if clinically indicated. Immunosuppressive therapy was as per the institution protocol described earlier (8) . This retrospective study was approved by institutional review board.
Initial diagnosis of biliary stricture and choice of treatment modality
Patients were followed up by protocol ultrasound (US) of abdomen after LDLT (7) . Any patients with postoperative rise in bilirubin were further assessed by following laboratory tests:serum level of alkaline phosphatase, gamma glutamyl transferase, total and direct bilirubin, and alanine aminotransferase. Diagnosis of biliary strictures was based on radiological imaging studies in the background of raised serum bilirubin. US abdomen with Doppler study of the liver was the initial modality of investigation that was followed by magnetic resonance cholangiopancreatography (MRCP) when biliary stricture was suspected. The timing of occurrence of biliary strictures from the date of LDLT, the site of occurrence (anastomotic or non-anastomotic), morphology (pouched or nonpouched, branched or unbranched) and intrahepatic biliary radical dilatation were noted. An AS stricture was defined as a focal narrowing at the site of the biliary anastomosis whereas 1 or more focal areas of narrowing of the bile ducts proximal to a biliary anastomosis was considered as NAS biliary stricture. Length and diameter of stricture were measured. Endoscopic intervention was first line of therapy in all biliary stricture patients. Figure 1 shows the protocol of the treatment algorithm for post LDLT biliary strictures and different modalities of treatment.
Endoscopic protocol
When diagnosis of biliary stricture was confirmed by radiological imaging tests, ERC was used as firstline modality for the management that consisted of passing the stricture with a guide wire, BD, and placement of one or more 7-10 Fr plastic stents depending upon the location and severity of the stricture. After the guidewire (0.025 or 0.035 inch) was passed through the duct across the stricture, endoscopic sphincterotomy or endoscopic papillary BD was performed to allow placement of stents ( fig. 2 b, c) . Figure 2 , 3, 4, and 5 shows different types of strictures in relation to morphology and site with successful endoscopic procedures and insertion of single or multiple stents. If ERC failed, stricture dilatation was accomplished by a combined PTC and ERC approach (Rendezeus Technique). Figure 6 shows the images of combined approach of ERC and PTC. Failure of ERC procedure was defined as inability to pass guidewire proximal to the stricture that needed combinationPTC. Endoscopic session was repeated every 3 months for evaluation of the stricture and replacement of stent. Clinical success of interventional procedures was defined as reduction of biliary stasis and normalization of the liver enzymes or a trend towards normalization. Resolution of stricture was further confirmed by follow up ballon occlusion cholangiography ( fig. 2 d) . Recurrence of biliary strictures was defined as 
Statistical analysis
The data for the present retros-pective study were analyzed with PASW statistics v18.0 (SPSS Inc.).
Group comparisons were done utilizing 2-tailed t-test for continuous variables and χ 2 test for categorical variables. The risk factor analysis was performed using univariate analyses. Results were presented as mean values ± standard deviation (SD). All tests were two-sided and p < 0.05 was considered as statistically significant. 
RESULTS RESULTS
All the studied recipients received right lobe graft. The biliary tract was primarily reconstructed by a ductto-duct anastomosis in all the patients. Eighty-two recipients with a mean age 52.6 ± 9.6 (24-72) years (Male: Female, 59:23) were diagnosed to have biliary strictures among the 648 LDLT recipients (12.65%; 82/648) at an average of 256 (7-1979) days after LDLT. The primary indications for LDLT are shown in table 1. Biliary reconstruction was done by standard duct-to duct anastomotic technique in all the patients. Ten patients developed additional complication of bile leak along with biliary stricture. The AS strictures were diagnosed in 76 patients (93%; 76/82) whereas only 6 patients had NAS biliary strictures at intrahepatic location (table 2). Ten patients had bile leak diagnosed sometime after transplantation due to bile content in abdominal drain, however, the site of bile leak couldn't be confirmed.
Forty patients (n=40) were successfully treated by ERC alone and 14 patients required PTC. Among the PTC treated patients 9 patients received some form of 
ERC vs Combined approach (ERC + PTC)
The patients that were successfully treated either by endoscopic and/or percutaneous therapeutic modalities (n=54) were further divided into two subgroups and factors related to the strictures and their response to treatment were assessed. Group A patients comprised of 40 patients (Male:Female, 28:12) that underwent successful endoscopic treatment with an average of 5±3 sessions of ERC whereas 14 group B patients (Male: Female, 8:6)underwent combined ERC and PTC with average 3 ± 2 sessions. Each ERC session of group A and B patients involved average 2 ± 1 stent insertion each (p=0.48). The mean time to stricture resolution was 708 ± 532 (28 1967 ) and 1074 ± 612 (145-827) days for patients receiving ERC and combined PTC/ERC, respectively (p=0.03). Majority of strictures were AS in nature in all studied patients (95% in group A and 92.9% in group B). Morphology of the stricture was an important determinant factor, non-pouched being more common in group A (80%) whereas pouched strictures were common in group B patients (66.7%). Pouched shape stricture was the only factor associated with failed ERC (P < 0.05) ( fig. 6) .
During a follow-up period of 976 ± 643 days, four patients receiving ERC developed recurrent strictures whereas there were no recurrent strictures for group B. The four recurrent strictures were successfully treated by repeated ERC. However, the duration of the treatment was longer for patients in group B.
In all patients, the hepatic artery was patent at the time of diagnosis as determined by Doppler US evaluation of the abdomen.
AS and NAS biliary strictures
Among the 54 successfully treated patients, 51 patients had AS strictures whereas only three patients had NAS strictures (table 3). 68% (n=35) patients with AS strictures underwent successful treatment by ERCP and stenting whereas 16 patients required ERC and/or PTC to manage the strictures. The incidence of NAS strictures was very low and majority of them (2/3) required ERC combined with PTC approach to achieve 
DISCUSSION DISCUSSION
Even after technical advances and standardization of effective techniques for biliary reconstruction, the biliary stricture remains a major biliary complication after LT and reported to occur in substantial population of the LDLT recipients that affects the long-term outcome as well as graft survival (9, 10, 11) . In the metaanalysis of the selected studies, Aparicio et al stated an increased absolute risk for biliary strictures for LDLT patients (35% vs 13%, 95% CI, -0.24 to -0.08; p=0.0001) (6) . In this study, the biliary strictures occurred in 12.65% of the patients which is lower than the reported standard biliary complication rates. This can be attributed to the refined biliary reconstruction technique (described earlier) and a very low incidence of hepatic arterial complications. All the strictures were treated endoscopically, and none required operative intervention. ERC was the first-line treatment modality for post-LDLT anastomotic biliary strictures in our series. In patients with failed ERC due to severe stricture and/or intrahepatic NAS biliary strictures, the therapy wascombined with PTC. Thus, a combined approach of ERC and PTC proved to be 96.4% successful in 54 patients with no recurrence of the stricture till the latest follow up. However, 4 patients that underwent only ERC and stenting had recurrence of the AS strictures which were successfully treated by repeated ERC.
The AS biliary stricture is a focal narrowing around the biliary anastomosis secondary to fibrotic healing and remains most common type of stricture and the majority occur within the first year after transplant (13) . Post-LDLT AS biliary strictures that appear early in postoperative period are usually technical issues such as smaller caliber of the bile ducts, inappropriate suture material, tension at the anastomosis and/or improper surgical technique (14) . The devascularization of the bile duct at the hilar dissection during donor hepatectomy in LDLT is an important predisposing factor for strictures. Bile leak that develops in immediate post-LDLT period has been considered as an important risk factor for the development of AS smaller. The bile leak around the anastomosis can cause local inflammation, edema and fibrosis, thus, causing formation of AS strictures (2, 15) . Other risk factors for biliary strictures include bile duct diameter, a graft with multiple bile ducts, increased graft cold ischemia time, hepatic artery stenosis, and acute cellular rejection (16, 17) . In present study cohort, the prevalence of AS strictures was 11.7% (76/648) whereas the NAS strictures were diagnosed in <1% of the patients constituting 7% of biliary stricture complications which compares well with previously published literature (4-10% NAS strictures in recent studies) (1, 2, 18) .
Patients with biliary strictures are usually asymptomatic and presents with hyperbilirubinemia with elevated liver enzymes. Acute rejection or other vascular etiologies must be excluded before considering the biliary stricture diagnosis. A high index of suspicion must be maintained in patients with serum bilirubin levels > 1.5 mg/dl (19) . Mildly elevated liver enzymes with adequate trough levels of tacrolimus virtually eliminates acute cellular rejection as differential diagnosis. If doubt exists, liver biopsy can be performed. In our study, after excluding the acute rejection, US abdomen with doppler evaluation was the initial imaging study to exclude the vascular cause that was followed by MRCP. The sensitivity and specificity of MRCP in establishing the diagnosis of biliary strictures is close to 90% and, thus, it helps avoiding unnecessary endoscopic intervention in absence of direct evidence of biliary strictures.However, the chief disadvantage of MRCP is the lack of its therapeutic ability.
In recent era, advances in endoscopic therapy and interventional radiology have improved the outcome of post-LDLT biliary strictures by decreasing the need for surgical repair that has high morbidity. ERC has become the first line of treatment for biliary strictures in patients with duct-to-duct biliary anastomosis at our center which is considered as gold standard for establishing the diagnosis as well as therapeutic intervention in the same setting (20) . All the patients in this study underwent ERC with BD followed by insertion of plastic stents. Twenty patients (24.3%) with stricture died and/or lost follow up before resolution of the stricture. Five of these patients died secondary to sepsis after the ERC and PTC procedures. We strongly recommend application of aggressive endoscopic therapy for biliary AS stricture that can be combined with PTC if stricture can not be traversed by ERC guided stents. In this study cohort, we performed ERC with BD followed by placement of progressively greater numbers of stents across the strictures. This achieved a sustained patency in 90% (36/40) of the patients treated by ERC and stenting. Four patients developed recurrence and were successfully treated by repeated ERC procedures. Multiple, side-by-side biliary stents have shown better results than single stents in patients with biliary AS strictures after LDLT (21, 22) . Every three months ERC with BD sessions were repeated and progressively increased diameter plastic stents of 7 Fr to 10 Fr were inserted until the strictures were resolved. In group A subgroup patients average ERC sessions were 5 ± 3 (1-13) and two or more stents were inserted. In small subgroup of patients, the early AS biliary stricture within 2 months post-LDLT can be a transient narrowing that occurs due to postoperative periductal edema and inflammation. Such patients respond well to ERC and BD alone or may need temporary stenting for short duration as compared to severe strictures (23) . The long-term success rate of ERC was 74% for the AS in our series as described in standard studies worldwide (1, 21, 22, 24) .
When the endoscopic treatment failed, PTC was performed as a rescue procedure. The morphology of biliary stricture,especially pouched AS stricture, was the determining factor associated with failed ERC (P < 0.05) in this study. In subset of LDLT recipients, morphological deformities may develop at the biliary anastomosis secondary to compensatory hypertrophy of the liver allograft that leads to a sharp angulation of the bile duct (25) . Such biliary strictures are difficult to treat by and the success rate after ERC alone is up-to 20%. The NAS strictures are usually resistant to endoscopic management and ERC with BD of all stricture is not feasible and rapid stent clogging is frequently occurred while managing NAS biliary strictures. Such patients can be managed by a combined approach using ERC and PTC. In this series, 14 patients (17%) were treated by combined approach without any reported recurrence. The stricture initially is accessed through PTC and the obstructed bile ducts are first decompressed to prevent acute iatrogenic cholangitis and the guide wire is then traversed across the stricture which is used to place stent by endoscopic route after performing dilatation of stricture. Use of the Kumpe (KMP) catheter in difficult NAS stricture is claimed to be more effective than a guide wire in terms of facilitating stent placement (26) . In majority of the patients, a PTC drain is needed at first intervention to decompress the biliary system and reduce the biliary stasis. A combined ERC and PTC approach then undertaken to internalize the state that allows purely endoscopic approach for long-term therapy. Average ERC procedures required for group B patients (ERC+ PTC) were less (3 ± 2) than group A patients (purely endoscopic approach). However, the time for resolution of stricture in combined approach was 1074 ± 612days vs 706 ± 526 days for ERC patients which was significant (p < 0.05). The peculiar finding was the zero recurrence in patients with combined approach. The mortality rate directly related to biliary strictures was 24%. The treatment could not be completed in these patients either due to late presentation of the patient with septic complications or loss of follow up. Post ERC complications such as bleeding, cholangitis, pancreatitis, biliary and duodenal perforation, and stent migration have been described and are cumulated with successive endoscopic procedures. The mortality directly related to complications occurring post-intervention was 6% in this series.
Recent developments in treating complex biliary strictures post-transplantation include new types of balloons and stents that will have significant role in improvement of management of biliary strictures. Recently, the role of self-expanding metallic stents (SEMS), which have significantly longer patency than plastic stents for palliation of malignant biliary obstruction, has been evaluated for treating the AS biliary strictures (27) . However, because of factors such as smaller caliber bile ducts in LDLT, annular strictures preventing adequate stent anchorage, and migration of stent have led to disappointing results. In recently conducted randomized controlled trial involving SEMS vs plastic stents for treating post-LT biliary AS strictures, the resolution rates were comparable, but covered SEMS required less ERC procedures to achieve resolution (28) .
CONCLUSION CONCLUSION
In conclusion, biliary strictures in post-LDLT period remains a major source of morbidity and graft loss if not treated promptly. The endoscopic approach has become as the primary modality of treatment for biliary strictures. ERC and BD with multiple stent placement is a feasible and successful treatment modality that provides an increased resolution rate. A combined approach of ERC with PTC play complementary roles in patients with failed ERC or NAS biliary strictures not accessible by ERC.
